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FOREWORD This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Sampling of Ores, Metallurgical and Allied Products Sectional Committee had been approved by the Basic Standards, Systems and Services Division Council. The object of this standard ores. is to specify experimental methods for checking the bias of sampling of

In preparation of this standard assistance has been drawn from IS0 3086 : 1986 `Iron ores experimental methods for checking the bias of sampling' published by International Organization for Standardization ( IS0 ). Also, Table 1 and Table 2, as given in the standard, have been taken from DAVIES, ( 0 L ) Ed.; The Design and Analysis of Industrial Experiments, 1956, pp. 606-607 and JSA Statistical Tables and Formulas with Computer Applications, Tokyo; Japanese Standards Association, 1972, respectively. In reporting the results of a test or analysis made in accordance with this standard, if the final value, observed or calculated is to be rounded off, it shall be done in accordance with IS 2 : 1960 `Rules for rounding off numerical values ( revised )`.
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Indian Standard

METHODSFORCHECKINGTHEBIASOF SAMPLINGOFORES
1 SCOPE This standard specifies for checking the bias of the sampling is carried the methods specified Standards. 2 REFERENCE The following Indian Standard adjunct to this standard:
IS No.

3.5 Confidence Level experimental methods sampling of ores, when out in accordance with in respective Indian The value of the probability associated with a confidence interval or a statistical tolerance interval. 4 GENERAL CONDITIONS 4.1 In the experimental methods given here, the results obtained from the method to be checked ( referred to as Method B ) are compared with the results of a reference method ( referred to as Method A ) which is considered to produce practically unbiased results, from technical and empirical viewpoints. 4.2 In the event that there is no significant difference in a statistical sense between the results obtained by Method B and Method A, this Method B may be adopted as a routine method subject to the agreement between the parties concerned.
NOTE - In this standard, bias is assessed by application of the l-tests ( one sided ) at 5 percent level of significance, by determining whether the difference between the results obtained under Method A and Method B is due to random causes or whether the results are statistically different.

is a necessary

' Title

6200 ( Part 1 ) : 1977 Statistical tests of significance : Part 1 t-, Normal and F-tests (first revision) 3 TERMINOLOGY 3.0 For the purpose of this standard, mg definitions shall apply. 3.1 True Value It is an ideal value which could be arrived only if all causes of error4 are eliminated. 3.2 Overall Precision The overall precision, PPDM, is a measure of the combined precision of sampling, sample division and measurement, and is twice the overall precision in terms of standard deviation, Q~DM expressed as an absolute percentage: B.yDM where BS = precision of sampling in terms of standard deviation; = precision of sample division in terms fJD of standard deviation; and = precision of measurement in terms of OM standard deviation. 3.3 Bias A measure of systematic departure of test results from the true value. It is expressed as the difference between the mean results and the true value. 3.4 Confidence Interval The interval between two values such that the probability of the interval including the true value of the parameter is fixed.
= 2 CSSDM = 2\/d + GD' + GM'

the follow-

at

4.3 The number of lots or sub-lots for experimentation shall not be less than 20. The number of tests required depends on the standard deviation of the difference based on 20 tests and also, the agreed value of the bias, 6. The value of the bias to be detected shall be fixed by agreement between the parties concerned, taking into account the technical and economic considerations, the various precisions of the methods to be adopted in the experiment, namely, sampling,. sample preparation and measurement precisions. As a guide, a bias value of half the overall' precision, i. e, @.SDM,may be appropriate unless otherwise agreed. ( The value of overall precision PBDM for lot sizes up to 15 000 tonnes would be f 0.5 and for higher tonnage f0*4of total iron content. For other ores different values may be agreed upon ). For detailed explanation of &DM,see Annex A. 4.4 Quality characteristics such as the content of the principal element, moisture content, size percentage and physical properties may be assessed for checking the bias between the, standard method and the reference method. 4.5 The method for analysis of experimental data described here may also be applied for checking a possible significant difference in the

result obtained from the samples of one lot sampled at two different places, for example, a loading point and a discharging point. 5 SAMPLING METHODS 5.1 Sampling When the ore is carried out on conveyer belt, the reference method for checking the bias of sampling is the stopped-belt method. The method to be checked ( Method B ) may be any other method proposed to be used under specific conditions and this is to be checked with Method A. When the ore is received or despatched in trucks or wagons, the reference method is the one where samples are collected ( with suitable sampling implements ) during loading or unloading of wagons or trucks. The Method B in this situation may be any other method used for sampling from wagons or trucks. 5.2 Any departure in the collection of increments from the standard method may also be subjected to the verification of bias by this method. For instance, using the sampling implement other than the prescribed one, a change in the frequency of sampling without affecting the total number of increments, are some of the examples for departure from standard method of sampling. It is, however, to be noted that there should not be too many deviations from this standard method and it is always advisable to have only one aspect of departure from the test method tested for bias as per the experimental procedures. 5.3 Sample Preparation Methods for making up a pair of gross samples, preparation of samples and testing shall be as given in 5.3.1 to 5.3.3. 5.3.1 Increments obtained from one sub-lot in accordance with Method A and Method B are made up in two gross samples A and B. If the number of sub-lots in a lot are not sufficient for the experiment, a suitable number of lots may be subjected to this experimentation so that the total number of sub-lots ( the total number of pairs ) do exceed 20. 5.3.2 The gross samples A and B are subjected in the same manner to sample preparation as per the respective Indian Standards on sampling and testing. 5.3.3 Number of experiments can be conducted along with routine sampling so that there is no extraneous element of precaution involved in experimental results. In other words, both the methods, namely, Method A and Method B can be simult.aneously adopted in the course of 2 AND SAMPLE PREPARATION

sampling of ores. This, of course, is not possible in a number of situations when the Method A is a stopped-belt method and the Method B may involve sampling far away from the conveyer belt. 6 ANALYSIS OF EXPERIMENTAL DATA

6.1 Denote individual measurements obtained in accordance with Method A and Method B as XAi and xsi, respectively. Calculate as
di xBl

the difference dl between xA1 and xBi
x11,

i = 1, 2, ..* ***,k

where k is the number of paired sets of measurements. It may be noted that dl can be both positive as well as negative. 6.2 Calculate the mean 2 of the differences to one decimal place further than that used in the measurements themselves.

Calculate the standard ing formula:
Sd =

deviation
l/k

by the follow-

2 dfs -

( Z d, )s

k-l Number of

6.3 Determination of the Required Lots for the Experiment ( n, )

6.3.1 Calculate the value of the standardized difference D using the equation
D = x/s*

Then determine from Table 1 the corresponding to the value of D.

value

of

n,

6.3.2 When n, < 20, proceed as in 6.4. When n, > 20, carry out the additional experiments on ( nr - 20 ) sub-lots. 6.3.3 This procedure shall be repeated until the number of pairs of sets of data becomes equal to or more than the value of nr specified in Table 1. 6.4 Statistical Test Calculate the value of t,, to the third decimal place by rounding off the fourth decimal place.

When the absolute value of to is smaller than the value of t corresponding to k as given in Table 2, conclude that the difference is not significant and that Method B can be adopted as a routine method. When to is greater than the value of t given in Table 2, we have to infer that the difference is significant and the Method B cannot be used as a routine method.
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Table 1 Required Number of Paired Sets of Data, nr, Determined by the Value of the Standardized Difference, D ( Clauses 6.3.1 and 6.3.3 )
Range of Standardized Differ;eneep 0'30 < 0'35 < 0'40 < o-45 6 0'50 C 0'55 < 0'60 G 0'65 < 0'70 G 0'55 G 0'80 < Required Number of Paired Sets of Data, nr 122 90 70

Table 2 Value of i at 5 Percent Level of Significance ( One-Sided Test ) ( Clause 6.4 )
Number of Paired Sets of Measrements, 20 21 22 23 24

t

D < 0'35 D < 0'40 D < 0'45 D < 0'50 D < 0'55 D < 0'60 D < 0'65 D < 0'70 D < 0'75 D < 0'80 D < 0'85

1'729 1'725 1'721 1'717 1'714 1'711 1'708 1'706 1'703 1'701

55
45 38 32 28 24 21

25 26 27 28 29

19 17 15 14 13 11 10 8 8 7 6 6 6 5 5

0'85 < D < 0'90 0'90 < D < 0'95 095~Dcl'OO 1'00 6 D c 1'10 1'1 < D < 1'2

30 31 32 33 34 35 36 37 38 39
40

1'699 1'697 1'696 1'694 1'692 1.691 1'690 1'688 1'687 1'686 1'685 1'684 1'683 1'682 1'681 1'680 1'679 1'679 1'678 1'677 1'677 1'676 1'671 1'664 1.658 1'651 1'645

1'2 C D < 1'3 1'3 <D 1'4 1'5 4 1'4

< D < 1'5 C D < 1'6

1'6 < D < 1'7 1'7 < D < 1'8

1'8 C D < 1'9 1'9 < D < 2'0 2'0 < D

41 42 43 44 45 46 47 48 49 50 51 61 81 121 241 cc

NOTE - Table 1 is taken from DAVIES ( 0 L ) Ed. The design and analysis of industrial experiments, 1956, pp. 606-607, and lists values of nr for D at a = 0'05 and g = 0'05, where a is the chance of assuming a statistical difference when none exists (i.e., the significance level of the one-sided t-test ) and g IS the chance of assuming no statistical difference when a bias 6 is present.

7 NUMERICAL EXAMPLES OF EXPERIMENT 7.1 The numerical examples of taking the bias of sampling under different situations are given in Annex B.
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ANNEX A ( Clause 4.3 )
A-I OVERALL PRECISION OF TEST RESULTS ( Bsms ) A-l.1 When a lot or sub-lot of ore is sampled and a test result for a particular characteristic is obtained, it is affected by a number of variations. This result is taken to be the mean value of the lot or sub-lot and is generally represented by ,J &- pSDM, where @SD,is the overall precision and ,J is the mean value. A-l.2 The three major components of overall precision are those relating to sampling ( up to the stage of collecting gross sample ), division ( from gross sample to. laboratory sample through various stages of sample preparation ) and measurement ( precision of test method, especially repeatability ). The following equations are to be noted:
@DM USDM' = 2 ~~SDM f CDS + (TM" OS8

A-1.2.1 For practical purposes, dsDY is the most useful parameter and it is directly derived from test results. But in order to control overall precision ( l&M ), it is necessary to estimate es, oD and uM separately by means of statistical experiments. A-1.2.2 US is dependent on the number of increments, QD on the type of sample division and sampling equipment used and Go on the test method precision. For example, if cs
CD

where oSnM, OS,oD and QM are standard deviations relating to overall precision, sampling, sample division and measurement, respectively.

0.4, 0.05, and . Qrd - 0.02 as obtained from experiments on a particular type of ore. CSDY' = O-160 0 + 0.002 5 + O*OOO 4 = 0,162 9 dSDM = 0'404 0 BSDkl 0,808 0 ti 081
= =

ANNEX B ( Clause 7.1 )
B-l EXAMPLE OF AN EXPERIMENT FOR CHECKING THE BIAS OF SAMPLING B-1.1 Table 3 gives the results of Fe content obtained by two procedures of sampling on 20 sub-lots. Method A is stopped-belt sampling, while Method B is based on drawing increments through a bypass belt. 20 sub-lots are subjected to both the methods of sampling. B-l.2 Verify whether the number of experiments are sufficient to detect a bias ( in sampling ) of 0.2% Fe content. In case, the number of experiments conducted are not found sufficient, carry out additional experiments and test the significance of bias. The assumed 6 = 0.2.
;i
z

Table 3 Results of Fe Content Obtained by Two Methods of Sampling ( Clause B-l.1 )
of Sub Lot

61 No.

Total Iron Content
p----_-*----_-y XAi

( Fe ) ( Percent )
XBi

di =
XAi XBi

dia

Method A
1
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Method
66'79 65'56 67'13 67'72 65'14 66'53 67'04 67'52 68'00 67'43 67'82 68'00 66'20 67'68 65'73 68'09 67'14 65'17 67'59 65'89

B 0 0'12 0'06 0'42 0'32 0 0'014 4 0'003 6 0 1764 0'102 4 0'240 1 0'000 4 0'129 6 0'792 1 0'090 0 0'108 9 0'211 6. 0'090 o* 0'022 5 0'096 0'152 0'052 0'160 0'010 0'001 1 1 9 0 0 6

66'79
65'44 67'19 67'30 65'46 67'02 67'02 67'16 67'11 67'13 67'49 67`54 65'90 67'83 66'04 67'70 66'91 65'57 67'69 65'85

+ +

1 _ ?03 k Ed 1 2$- =

i- 0'49 - 0'02 - 0'36 - 0'89 - 0'30 - 0'33 0'46 - 0'30 + 0'15 + + + 0'31 0'39 0'23 0'40 0'10 0'04

0.101 5
2.454 -

SSd = xd,2 -

$-( 24 >"

3

w

= 2.454 7 _4$?? = 2.4547 - 0.206 0 12.248 7
sd -

,fs&,/(k--1)

=

`F

=0.344 0 c! 0.344 Thus. O-581 4

+ 2'03

2'454 7

IS 13344: 1992 B-l.3 From Table 1, n, = fore, an -additional should be undertaken and test carried out on a total

38 is obtained. Thereset of experiments then the significance of 38 data sets.

Table 4 Results of Fe Content for tbe Additional Experiments ( Clause B-l.3 ) s%?
Totd Iron Content ( Fe ) (Percent )
A Method
XBJ

Accordingly, 18 more sub-lots were subjected to both the methods of sampling, namely, Method A and Method B. The results for the additional experiments conducted are given in Table 4. Calculations experiments a= for the combined data for 38

dJ =
XBJ XAJ

d?

r_---h-,___~

Method
XAJ

B + 0'03 0'25 0'07 0'78 0'50 0'06 0'000

1 2 3

67'16 66'75 66'91 66'74 67'24 65'68 66'93 67'02 67`13 66'07 67'21 67`11 67'21 67'54 67'24 67'63 67`04 67`35

67'19 66'50 66'84 65'96 66'74 65'62 67'08 67'11 66'85 65'54 67'03 66'93 67'42 67'74 67'91 67'62 67'56 67'19

9

0'062 5 0'004 9 0'608 4 0'250 0 0'003 6 0'022 5 0'008 1 0'078 4 0'280 9 0'032 4 0'032 4 0'044 1 0 040 0 0'448 9 0'000

-- 1.13 + 2.03 `g-O*023 38=

7

4 5 6

x46688--~
= 4.668 8 - 0.021 3 = 4.647 5
-

7 8 9 10 11 12 13 14 15 16 17 18

-!- 0'15 + 0'09 0'28 0'53 0'18 0'18

Sd = 4 S&l/( k-l ) =

4.647 5 37

lo =

a
Sal IrT

= 0.354 4 ti 0.354 0.023 7 0.023 7 = 0.057 4 = 0*3WJ38 = 0.412 9

+ 0'21 + 0'20 + 0'67 0'01

t, the table value for 37 d.f. at 5% level of significance ( one-sided test ) is 1.687. Since to < t, the bias is not significant. Hence Method Method A. B can be used in place of

1

+ 0'52 0'16 1'13

0'270 4 0'025 6 2'214 1

--.
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Standard Mark The use of the Standard Mark is governed by the provisions of the Bureau of Indian Standards Act, 2986 and the Rules and Regulations made thereunder. The Standard Mark on products covered by an Indian Standard conveys the assurance that they have been produced to comply with the requirements of that standard under a well defined system of inspection, testing and quality control which is devised and supervised by BIS and operated by the producer, Standard marked products are also continuously checked by BIS for conformity to that standard as a further safeguard. Details of conditions under which a licence for the use of the Standard Mark may be granted to manufacturers or producers may be obtained from the Bureau of Indian Standards.
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